Introduction
Boza is a traditional fermented cereal (millet, maize, wheat, or rice flours) Turkish beverage produced by lactic acid bacteria (LAB) and yeast (Arici and Daglioglu, 2002) that is widely consumed in Turkey, Bulgaria, Albania, and Romania (Gotcheva et al., 2000) . There are also boza-like products such as Kenyan busaa, South African kaffir beer, and Turkmen krimbusa (Hayta et al., 2001) . Boza is a low acid and highly viscous beverage, usually consumed in winter months and generally served with white chickpeas and cinnamon. This beverage is usually stored at 4 °C; however, its shelf life is very short (10 days). When this drink is not consumed in due time, the product spoils and becomes undrinkable (Sanni, 1993; Blandino et al., 2003; Botes et al., 2007) . On the other hand, it is a nourishing beverage because of its LAB microflora and protein, carbohydrate, mineral, fiber, and vitamin contents (Morcos et al., 1973) . LAB have very important benefits for human health (Todorov et al., 2006) and elongate the shelf life of the product by producing antimicrobial compounds and bacteriocins (Deegan et al., 2006) . LAB also improve the consistency and flavor of the product (De Vuyst and Vandamme, 1994; Ivanova et al., 2000) . Moreover, LAB and several yeasts produce some compounds, such as vitamins, that improve the nutritional value of the product (Leroy and De Vuyst, 2004) . In addition to the nutritional properties of boza, sensory and rheological properties are also crucial factors affecting consumer acceptability of product.
Rheology is important for determining a relationship between consumer preferences and stability of the product (Fischer and Windhab, 2011) . It is also very important for the selection of proper design and process equipment, such as heat exchangers, pumps, and evaporators (Bourne, 1982; Ibanoglu and Ibanoglu, 1998) . Moreover, rheological properties of foods are used in quality control of the product, including optimization of the formulation. The rheological characteristics of products are determined by several techniques, such as dynamic and steady rheological measurements. The steady shear measurements are performed to determine flow behavior of a sample while the dynamic shear oscillatory measurements are conducted to provide information about the viscoelastic properties of the samples. In order to determine the storage modulus (G′), loss modulus (G″), complex modulus (G*), and complex viscosity (η*), a sinusoidal strain cycle was used in a dynamic test. It was indicated by previous studies that there was a correlation between steady shear and dynamic shear properties of macromolecular dispersions (Chun and Yoo, 2004) . The Cox-Merz superposition rule is used to relate the complex dynamic shear viscosity (η*) as a function of angular frequency (ω) to the steady shear flow viscosity (η) as a function of shear rate (γ), which has been experimentally confirmed for several macromolecular dispersions (Chun and Yoo, 2004) . The hypothesis that steady shear viscosity might be predicted using a CoxMerz rule or vice versa is also valid.
There are a couple of studies available on the rheological characteristics of several beverages and traditional products Goksel et al., 2012; Toker et al., 2012a) . Furthermore, a very limited number of studies have been reported so far on the rheological properties of boza samples in the literature (Genc et al., 2001; Hayta et al., 2001 ). However, in these studies, only apparent viscosity values were tested by using a rotational viscosity; in order to perform a full rheological characterization of this product, viscoelastic properties in addition to steady shear properties should also be reported. Temperature is a very important parameter affecting rheological properties. Therefore, it is also important to determine how significantly steady and dynamic shear properties would be affected by temperature.
As mentioned above, boza is a beverage produced by the activity of LAB and yeast; the rheological properties are considerably affected by the activity of these organisms. Therefore, the aims of the present study were: 1) to determine microbiological populations, 2) to test steady and dynamic rheological properties, 3) to evaluate the effect of temperature on the steady and dynamic shear properties, and 4) to apply a modified Cox-Merz rule to correlate steady shear properties with dynamic shear viscosities of boza samples.
Materials and methods

Materials
In this study, various boza samples were randomly collected from local markets and bazaars in the cities of İstanbul and Tekirdağ in Turkey.
Microbiological analyses
Approximately 5 mL of each boza sample was taken under aseptic conditions and placed in 45 mL of peptone water solution (0.1%). After preparation of appropriate dilutions, 200 µL of each dilution was plated on specific media for viable cell counts. LAB were counted on De Man, Rogosa, and Sharpe Agar (Oxoid CM 361) after the plates were incubated at 30 °C for 72 h (Sharpe et al., 1966) . Yeasts were enumerated after incubation at 25 °C for 5 days on Dichloran Rose Bengal Chloramphenicol Agar (Oxoid CM 727) (Kocabaş and Karapınar, 1993) . All analyses were carried out in triplicate with 2 replications. 2.3. Rheological analyses 2.3.1. Steady shear properties A stress-and strain-controlled rheometer (Anton Paar, MCR 302, Austria) equipped with a Peltier heating system was used for the determination of rheological properties of the boza samples. The samples were sheared using a plateplate configuration (diameter 50 mm, gap 0.5 mm). The measurements were carried out in the shear rate range of 1-100 s -1 at 2 temperature levels, 5 and 20 °C. After placing 2.25 mL of sample on the plate, the measurement started immediately. Each measurement was replicated with 3 repetitions. The apparent viscosity was determined as a function of shear rate. The relation between shear rate and shear stress was explained by the Ostwald-de Waele model; therefore, the consistency coefficient (K) and flow behavior index values (n) were calculated according to the following equation:
where σ is the shear stress (Pa), K is the consistency coefficient (Pa s n ), γ is the shear rate (s -1 ), and n is the flow behavior index (dimensionless).
Dynamic shear properties
Stress and frequency sweep tests were conducted using a dynamic oscillatory shear rheometer (Anton Paar, MCR 302). Dynamic rheological properties were measured by using a plate-plate configuration (plate diameter 50 mm, gap 0.5 mm). The amplitude sweep test was performed at 1 Hz between 0.1% and 10% strain to determine linear viscoelastic region. The frequency sweep test was performed at a 1% strain, as determined by the amplitude sweep test, over a frequency range of 0.1-10 Hz at 5 and 20 °C. The equations of complex modulus G* (Gunasekaran and Ak, 2000) and complex viscosity η* were used to characterize the overall response of the sample to the sinusoidal strain.
A nonlinear regression was applied to the plots of ω versus G′ and G″ dynamic rheological data to calculate magnitudes of intercepts (K′, K″, and K*), slopes (n′, n″, and n*), and R 2 according to the following equations (Rao and Cooley, 1992; Yoo and Rao, 1996) :
Effect of temperature and applicability of CoxMerz rule
In order to observe the variation in the steady and dynamic shear parameters depending on temperature, a temperature sweep test was also conducted at a shear rate of 50 s -1 and 1 Hz, respectively, at temperature levels ranging between 0 and 50 °C. The variations in the η 50 , G′, and G″ values with temperature were determined using the Arrhenius equation, as follows (Rao, 1999) :
where η, G 0 , and G 1 values are the constant parameters of η 50 , G′, and G″; E a is the activation energy; R is the gas constant; and T is the temperature (in Kelvin). The Cox-Merz rule was used to correlate the values of oscillatory shear parameters [complex viscosity (η*) and angular frequency (ω)] and steady shear parameters [apparent viscosity (η) and shear rate (γ)] (Rao and Tattiyakul, 1999; Gunasekaran and Ak, 2000; Juszczak et al., 2004) . The Cox-Merz rule can also be used to estimate steady shear viscosity from complex shear viscosity and vice versa (Steffe, 1996) .
In the present study, a modified Cox-Merz rule was performed as the following equation (Augosto et al., 2012) . Table 1 indicates the pH values, LAB, and yeast populations of 9 boza samples. As can be seen here, pH values of the boza samples ranged between 3.19 and 3.99. As can also be seen from Table 1 , LAB and yeast numbers ranged from 2.88 × 10 6 to 2.06 × 10 10 CFU/mL and from 3.71 × 10 3 to 9.40 × 10 5 CFU/mL, respectively. Figure 1 shows the shear rate versus shear stress data for boza samples at 5 and 20 °C. As can be seen, shear stress values of the boza samples increased with an increase in shear rate, indicating that all the boza samples showed shear thinning behavior (Steffe, 1996; Rao, 1999; Sikora et al., 2007) at both temperature levels. The obtained data were described by an Ostwald-de Waele model with R 2 values higher than 0.99, which was in accordance with the previous studies (Genc et al., 2002; Zorba et al., 2003; Öztürk et al., 2013) . The model parameters [namely, consistency coefficient (K) and flow behavior index (n)] of the boza samples at 5 and 20 °C are presented in Bourne, 2002) are also shown in Table 2 . The η 50 values of 9 boza samples were in the range of 0.571-2.550 Pa s and 0.425-1.713 Pa s at 5 and 20 °C, respectively.
Results
LAB and yeast populations in boza samples
Rheological properties 3.2.1. Steady shear properties
In addition to steady rheological properties, temperature sweep tests were also performed. Changes in η 50 values as a function of temperature are seen in Figure 2 , indicating that increase in temperature levels caused a decrease in η 50 values. Similar behavior was revealed for different food materials in previous studies Toker et al., 2012b; Goksel et al., 2013) . The Arrhenius equation was applied to determine the temperature dependency of η 50 values. The constants of the models (η 0 , E a , and R 2 values) are presented in Table 3 . The R 2 value of the established models ranged from 0.9637 to 0.9998, which 
Viscoelastic properties of the boza samples
In order to determine the viscoelastic characteristics of the boza samples, frequency sweep tests were carried out at 1% strain (within the linear viscoelastic region). The G′ and G″ values of the boza samples at 5 and 20 °C are presented in Figure 3 . As can be seen, both G′ and G″ values increased with frequency. G′ values of the boza samples were found to be higher than the G″ values. Along the whole frequency range studied, no cross-point of G′ and G″ was observed, meaning that magnitudes of G′ values of the samples were higher than those of G″ values over the whole frequency range.
G′ and G″ values were subjected to nonlinear regression as a function of frequency [Eqs. (4) and (5) Table 4 ), it can be stated here that viscoelastic characteristics of the boza samples could be successfully described by the power law model. From dynamic oscillatory test data, it was also found that the boza samples exhibited weak gel-like behavior because the slopes were positive (n′ = 0.07-0.17; n″ = 0.16-0.22; Table  4 ) (Ross-Murphy, 1984) .
Another parameter measured by frequency sweep test was complex viscosity (η*). Total resistance of material to flow is represented by the η* value (Dimitreli and Thomareis, 2008) . η* values were observed to decrease with frequency. The obtained η* versus frequency data were fitted to Eq. (6) and the calculated K* and η* values of the Table 3 . Temperature dependency parameters of the steady and dynamic rheological parameters.
Boza samples boza samples at 5 and 20 °C are presented in Table 4 . It can be seen that R 2 values were very close to unity, indicating that η* values could be satisfactorily predicted versus ω values. Temperature sweep tests were also conducted to determine changes in the parameters obtained from dynamic measurements. Figure 4 shows the effect of temperature changes from 0 to 50 °C on the G′ and G″ values. As can be seen, G′ and G″ values showed a general trend to decrease with temperature due to reduction in intermolecular forces. The Arrhenius equation was applied to reveal temperature dependency of G′ and G″ values of the boza samples. The calculated G 0 , G 1 , E a , and R 2 values are shown in Table 3 . Generally, R 2 values were higher than 0.90, indicating that temperature dependency of the G′ and G″ values of the boza samples followed the Arrhenius equation. E a values for G′ and G″ ranged from 1393 to 6762 kJ/mol and 5302 to 12,129 kJ/mol.
Applicability of the Cox-Merz rule
The prediction of dynamic shear data using steady shear data or vice versa is possible by means of the Cox-Merz rule (Rao and Cooley, 1992) . As frequency is equal to the shear rate, apparent viscosity of the sample is very close to complex viscosity; under this circumstance, the empirical Cox-Merz rule can be used (Cox and Merz, 1958) . Accordingly, the Cox-Merz rule has been applied for polymer solutions and food systems in previous studies (Da Silva and Rao, 1992; Tiziani and Vodovotz, 2005; Yasar et al., 2009; Yilmaz et al., 2011; Goksel et al., 2012; Toker et al., 2012b) . On the other hand, the application of the empirical Cox-Merz rule to food products is difficult due to their complex structure; therefore, a modified Cox-Merz rule was applied in this study, by calculating a shift factor (Rao, 2005) . Figure 5 illustrates the applicability of the modified Cox-Merz rule on steady and dynamic shear data from different boza samples. As revealed here, the Cox-Merz rule could be successfully applied to the data from the boza samples, indicating that the dynamic shear viscosity might be predicted from steady shear viscosity using the calculated shift factors, as shown in Figure 5 .
Discussion
The pH values of the boza samples analyzed in the present study were consistent with those of previous studies (Gotcheva et al., 2000; Todorov, 2010) . Uysal et al. (2009) reported that the pH value of the different boza samples changed between 3.94 and 4.63, which was slightly higher than our findings. A previous study on the microbial population of boza samples prepared in Turkey reported that LAB and yeasts counts were found to be 4.6 × 10 8 and 8.1 × 10 6 CFU/mL, respectively (Hancioglu, 1997) . Uysal et al. (2009) reported that the LAB and yeast numbers in different boza samples ranged from 3.70 × 10 5 to 5.60 × 10 7 CFU/mL and from 1.03 × 10 2 to 2.88 × 10 5 CFU/ mL, respectively. In another study, Gotcheva et al. (2000) determined that LAB and yeast numbers of different boza samples ranged from 6.0 × 10 7 to 8.8 ×10 7 CFU/mL and 2.6 × 10 7 to 3.9 × 10 7 CFU/mL, respectively. As can be seen, the LAB and yeast populations may significantly differ from one sample to another. The variation might result from type of starter culture, fermentation conditions (time and temperature), total acidity, and type of the substrate converted to organic acid during fermentation of boza samples.
Differences could also be attributed to the differences between the boza production types and microflora ecotypes (Todorov, 2006) . In addition, differences in the storage temperatures and times were thought to remarkably affect microflora of boza samples (Uysal et al., 2009) . Furthermore, the raw material (millet, maize, wheat, or rice flours) from which boza is produced could also be another factor contributing to differences in the microbial population of boza samples from different origins. It should also be noted here that the number of LAB was higher than that of the yeast colonies, indicating that LAB forms a dominant microflora in boza. Similar results were reported in previous studies (Hancioglu and Karapinar, 1997; Gotcheva et al., 2000; Zorba et al., 2003; Uysal et al., 2009) .
Shear thinning behavior resulted from the hydrodynamic forces that generated a break in structural units in the product during shear (Bahnassey and Breene, 1994) . The variation between K and n values of the boza samples might be due to cereal flour type, fermentation conditions (temperature and time), or use of different bacteria and yeast. In recent years, exopolysaccharide (EPS)-producing strains have received great attention from some researchers since EPS has been proven to improve the textural properties of foods (Altay et al., 2013) . EPS is important due to its stabilizing, viscosity-modifying, and gelling effects (Ahmed et al., 2013) . Therefore, rheological properties of the boza samples were thought to be strongly related to the number and type of microorganisms present in the samples as well as to their EPS-producing capability. The temperature dependency of the η 50 values of the boza samples can be explained by the increase in the thermal energy of the molecules and intermolecular distances, which caused reduction in intermolecular forces (Holdsworth, 1971; Hassan and Hobani, 1998; Arslan et al., 2005) . When considering E a values calculated for η 50 values among the boza samples analyzed in the present study, S7 appeared to be the most temperature-dependent sample with respect to η 50 values. According to the results of the dynamic rheological measurements, it can be seen that magnitudes of the G′ value of each boza sample was higher than those of the G″ values, implying that boza samples had an elastic rather than viscous nature. K′ and K″ values at 5 °C were found to be higher than those at 20 °C, which might have resulted from a decrease in the intermolecular forces with an increase in temperature. Similar results were reported in previous studies Yilmaz et al., 2011; Karaman et al., 2012; Toker et al., 2012c; Goksel et al., 2013) . K′ values were higher than K″ values, indicating that the boza samples were more elastic than viscous at both temperature levels, as revealed above. Moreover, an increase in temperature levels caused a decrease in the η* values, indicating that resistance of the material to flow also decreased. At both temperature values, S5 had the highest K* values among those of the rest of the boza samples, implying that this sample was the most resistant to flow. For all the boza samples analyzed in the present study, E a values for G″ were higher than those for G′, indicating that G″ was more affected by temperature changes. At any rate, it can be said that the viscoelastic characteristics of the boza samples were remarkably affected by temperature; therefore, serving and storage temperatures are important for consumer preference of the product. After determination of both the steady and dynamic rheological properties of the boza samples, a modified Cox-Merz rule was applied to correlate them. The shift factor (α) values of the boza samples were found to range between 1.0 and 2.2. The Cox-Merz rule was satisfactorily applied to different food systems to correlate apparent viscosity and complex viscosity of the samples in many studies. The α values for tomato juice and tomato paste were found to be 0.12 and between 0.0029 and 0.029, respectively (Rao and Cooley, 1992; Augusto et al., 2013) . In addition, the magnitude of α was determined to be in the range of 0.008-0.021 and 0.307-0.478 for potato puree and rice starch-xanthan gum mixtures, respectively (Kim and Yoo, 2006; Alvarez et al., 2011) . As can be seen from the results, α values were smaller than unity, indicating that the magnitude of the η* (complex viscosity) was higher than η a (apparent viscosity) values (Augusto et al., 2013) . On the contrary, in the present study, α values of the boza samples were higher than unity, meaning that the η a value was higher than η*.
As a conclusion, the rheological characteristics of boza are one of the most important quality indicators affecting preference regarding the product. Therefore, primary factors affecting the rheological properties should also be important for controlling the quality of the product. In the present study, steady and dynamic rheological properties of different boza samples collected from local markets were tested. The rheological properties of the beverages varied from one sample to another to a remarkable extent, indicating that formulation and production steps are important factors affecting these rheological changes. The Arrhenius equation was applied to estimate the parameters as a function of temperature. A modified Cox-Merz rule was successfully applied to correlate steady shear properties with dynamic shear viscosities using the calculated shift factors.
